THE fact that Pasteur Institutes are now features of preventive medicine wherever the dread disease of rabies prevails is, perhaps, one of the most noble tributes to the genius of Pasteur.
In the tropics, hitherto it has been customary to establish antirabic institutes in the temperate climate of hill stations often far removed from centres of population in the endemic areas of the disease.
During the expansion of our civilization in the East and in Africa, and under the conditions of military service, it is not unlikely that the treatment of rabies will sometimes have to be undertaken on the plains, where most torrid conditions of climate are present. Such was the case in Mesopotamia.
During the Great War and the subsequent rebellion in Irak considerable loss of service and expense to Government were caused by the lack of local facilities for the treatment of rabies. Between 200 and 300 men had to be sent every year to the Pasteur Institute at Kasauli for antirabic vaccination. In addition, the unavoidable delays in the long journey from up-country stations in Irak resulted in the death from hydrophobia of a number of soldiers who-arriving in India too late for effective treatment-succumbed to this disease en route to Kasauli, or soon after arrival there. As long ago as 1910, Colonel Sir David Semple, R.A.M.C. [E], following the lead of Fermi and anticipating the needs of a large field force operating in the East, perfected a simple method of preparing a safe and efficient antirabic vaccine that any competent bacteriologist could carry out for the treatment of rabies locallv, at a base or central laboratory.
The vaccine is prepared by emulsifying the brains of rabbits that have died from inoculation with " fixed" rabies virus, in a dilution of carbolic acid of sufficient strength to kill the virus, but insufficient to destroy the antibodies present in the affected nerve tissue or to destroy its immunizing properties. This carbolized vaccine has stood the test of statistical examination and animal experiment by many investigators working independently, and has been used for many years as the standard antirabic treatment in all Pasteur Institutes throughout the Empire [2] . It is proposed to record here a few general remarks on the incidence of rabies in Irak, and to outline the method adopted in working a Pasteur Institute in Bagdad, for the information of those who in future may find the necessity of establishing a similar institute under like conditions of tropical climate. [May 7, 1923. THE OCCURRENCE OF RABIES IN IRAK. Rabies in dogs and hydrophobia in man were recognized by medical practitioners in Bagdad long before the British occupation. For many years Arab " Hakims" in country districts have been acquainted with " madness" in dogs, and have regarded their bites, when mad, as fatal to mankind. In like manner, they deem a bite from a wolf or jackal to be especially dangerous. Their knowledge of the pathology of rabies is, however, chimerical.
Early in the late war canine rabies was detected by the Military Medical and Veterinary Services in Irak. As the Army, with its following of pet dogs, accumulated, and it became known throughout the Force that a dog-bite, real or spurious, would elicit a passport from the infernal regions of Irak to the delectable mountains of India, so the military establishment became depleted by an increasing stream of personnel passed over to Kasauli for antirabic treatment. There was undoubtedly a good deal of malingering, but since deaths from hydrophobia had actually occurred in the country, no medical officer could undertake the responsibility of denying antirabic treatment to any patient who presented a wound alleged to have been caused by a bite of dog or jackal that might have been rabid.
During 1919 a remarkable series of cases of hydrophobia occurred in a refugee camp at Bacuba, in which forty-six persons were bitten by a rabid jackal which ran amok in the camp. Twenty-eight of the men bitten were sent to Kasauli for antirabic treatment. They arrived fifteen days too late, and five of them died of hydrophobia during, or shortly after, treatment.
Of the eighteen people--some of whom were women and children-who were not sent to Kasauli, eleven of them died of hydrophobia in the Military Hospital at Bacuba. The death-rate amongst the treated cases was 17'9 per cent. The death-rate amongst the untreated was 61'1 per cent. The figures are taken from official records, and I have verified them from correspondence in the Central Laboratory, Bagdad, where the diagnosis of four of the fatal cases at Bacuba was confirmed by histological investigation.
In the year 1920, 50 Europeans and 212 Indians were dispatched to Kasauli for antirabic treatment, and in the first six months of 1921, 58 Europeans and 167 Indians were sent to Kasauli. Of these 487 patients, three British soldiers and three Indians arrived too late for effective treatment and died of hydrophobia.
It is difficult to obtain trustworthy evidence regarding the prevalence of hydrophobia amongst the civil population. The Director of the Civil Hospital, Bagdad, informed me that he had seen four cases in that city during the last three years.
The disastrous effects of a rabid animal running amok in a native village, and the beneficial effects of early vaccine treatment are exemplified by the following well-authenticated case, details of which were kindly given to me by the Director of Health Services, Irak, and by Dr. Corner, the civil surgeon at Kirkuk, who personally investigated the cause of death of the victims.
In November, 1921, an important Sheik and his daughter attended the Central Laboratory, Bagdad, for antirabic treatment. The man was severely bitten on the hand by a wolf, the girl was also dangerously bitten on the face. The civil surgeon at Kirkuk, who sent the patients for treatment, reported that eight other persons in the village had been bitten by the same wolf, but refused to attend for treatment. I communicated with Dr. Corner, requesting him to keep an eye on all the people who were bitten. Four months afterwards he reported as follows: " The Sheik of Kifri and his daughter are alive and well. Of the other eight persons bitten, two women and six men developed hydrophobia and died; also three donkeys bitten by the same wolf have died. A cow that was bitten likewise sickened of the disease, but was slaughtered and eaten by the natives."
It is impossible to stamp out rabies in tropical countries, because jackals, wolves, and, in East Africa, hyaenas provide a natural reservoir for the virus, and these animals, when rabid, will raid the villages and infect the dogs of the inhabitants and sometimes the people.
In tropical countries the diagnosis of rabies in dogs and animals devolves almost entirely on the laboratory, to which dogs' heads in all stages of decomposition are brought in large numbers whenever rabies is notified.
Negri bodies are found in the brain of 97 per cent. of rabid animals, and their presence in the pyramidal cells or the cells of Purkinje is generally accepted as conclusive proof of rabies; but, unfortunately, one cannot infer the contrary if they are not found.
In making preparations for diagnosis by the microscope I have found that in the tropics the following method of staining gives the best results [31:
Tissue for section may be fixed in the usual way. Smears of the hippocampus major should be fixed wet in methyl alcohol. To make up the stain, put 50 c.c. of distilled water in a measure glass-add three drops of saturated aqueous solution of methylene blue, shake up and then add four drops of saturated alcoholic solution of basic fuchsin (if permanent section prepa,rations are required make the stain up in 50 c.c. of a 5 per cent. solution of carbolic acid instead of water) ; then flood the smear with the stain for five minutes, heating gently until steam arises. Examine under a low power objective and look for pyramidal cells, which will often be found clumped together in one part of the film. They should be stained light blue: if densely stained soak the slide in water and control the decolorizing under I in. objective.
Preparations thus obtained have the advantage of presenting various depths of staining, some parts being too heavily staine d, other too lightly, whilst in the intervening parts Negri bodies appear under the i1 in. objective as brilliant pink dots, globules or oval bodies, in a light blue mounting formed by the pyramidal cells. Careful focusing will reveal in the depths of the Negri body a few dull bluish points or granules. If the stain is made up with 5 per cent. carbolic solution instead of water, the Negri bodies take a bright ruby red colour in contrast to the cell nuclei which stain deep purple or chestnut.
Negri bodies may be so numerous as to be present in nearly every pyramidal cell, or they may be so scarce as to require prolonged search through many slides before a typical and indisputable specimen can be found. In canine and jackal rabies, however, they are generally found at once in smear preparations, and an immediate diagnosis can be made without the necessity of cutting sections. If the finding in smears is difficult or uncertain, stained sections should always be examined before an opinion is pronounced.
In cases in which the finding of Negri bodies was controlled by biological test, the rabbits died of rabies between the sixteenth and nineteenth day after subdural inoculation with 02 c.c. emulsion of the cerebellum of the suspected animal. In one case in which prolonged search failed to reveal Negr bodies, but in which the clinical evidence was convincing, the biological test proved positive. I consider it important that in the first case or two that occur in a district the presence of rabies should be biologically proved; for if the diagnosis is unquestionably rabies, then more cases may be expected, and due precautions should be enforced without delay. In cases in which there is a clinical suspicion of rabies, but which prove negative on investigation for Negri bodies, the biological test should be made.
The necessary subdural inoculation of a couple of rabbits or guinea-pigs can easily be done without any special instruments. A cork-borer of about i in. calibre does very well instead of a trephine; forceps, a scalpel and a little surgical handicraft are presumably always available. THE MANUFACTURE OF ANTIRABIC VACCINE. The vaccine is made, as will be described presently, from the fresh brains of rabbits that have died as a result of subdural inoculation with "fixed rabies virus. A local strain of fixed virus may be acquired from the original " wild" virus as found in the fresh brain of a naturally infected rabid dog, wolf or jackal, and commonly termed "street " virus. This "street " virus, when inoculated subdurally upon a rabbit's brain, has a variable incubation period of from fourteen to thirty days preceding the onset of symptoms.
If a strain of this virus is carried on from rabbit to rabbit by subdural inoculations of brain substance, the virulence of the poison becomes curiously altered in that the incubation period diminishes-possibly because of more rapid proliferation of the virus by successive "passages" through rabbitsuntil after some thirty or more of such inoculations we find the period of incubation of the disease has become reduced to a fixed limit of about seven days, followed by death not later than the tenth day. In contrast to the original " street " virus, however, the fixed virus-when injected subcutaneously -appears to be incapable of penetrating to the higher nerve centres and causing symptoms. It would be interesting, however, to have more experimental data on this matter, the explanation of which seems obscure.
Since the preparation of fixed virus is tedious and expensive in animals, it is convenient to obtain the strain of fixed virus from one of the Pasteur Institutes already established. It must be remembered that the virus is extremely delicate, and in hot weather would probably be killed during transmission through the post. Aeroplane transport would solve this difficulty, but in Bagdad it was necessary to get the virus sent over from Kasauli in live rabbits, relays of which were subinoculated as required during the journey. A virus, killing on the tenth day, is inoculated into a rabbit in the usual way. On the sixth or seventh day after the operation it will be observed, on disturbing the rabbit, that it has lost the power of judging the distance and the muscular effort required in jumping from one side to the other of its cage. The animal takes too forcible a spring and strikes its nose against the wall towards which it jumps. This very early and, I believe, characteristic symptom of fixed virus infection should be noted. Within twenty-four hours of this first symptom appearing, a very fine tremor of the ears and head will be observed, and the next day, if taken out of its cage and allowed to run about, the creature will be seen to have a reeling gait, as though intoxicated. On the ninth or tenth day it will be dead or dying.
If it dies on the ninth day, its brain can be used for the preparation of vaccine only. If it survives until the tenth day, and is then obviously moribund, it can be used for subinoculation or "passage," and for the preparation of vaccine also. If, however, the rabbit has died before the ninth day, its death has been caused by some intercurrent malady, and the animal should be discarded. During a period of intense heat in Bagdad, the virus seemed to lose its strength and did not kill until the twelfth or thirteenth day after inoculation. One passage of the virus through a guinea-pig, however, was followed by the restoration of its original letbal effect on rabbits, in which it remained stable, killing on the tenth day until last summer, when, I am informed, it had to be " restored " again, this time by passage through a monkey. The stock virus should be maintained by passage from rabbits dying only on the tenth day. Occasionally a rabbit escapes and does not die. Such an event is probably due to a defect in technique, and will be of very rare occurrence after a little practice and careful attention to detail, which I have described in the Journal of the Royal Army Medical Corps for December, 1922. Assuming that the inoculated rabbit is dead or dying on the tenth day, it should be disinfected by immersioni in a pail of cresol for a couple of minutes.
The floor of the room and the operating table should be swabbed with cresol; the dead rabbit laid out with its head resting on the edge of the table and its legs tied out behind. The top of the rabbit's skull is then exposed by reflecting the skin from each side of a median incision extending from the nape of the neck to the muzzle, care being taken not to open the orbital or aural cavities. The skull is then swabbed with 1 in 20 carbolic and the site of the trephine hole seared with a hot iron. A culture is taken from the brain by passing a platinum needle through the trephine hole and inoculating tubes of broth and agar. The skull is then chipped away and the brain exposed. It should be normal in appearance and the surrounding tissue should be free from any inflammatory reaction. A portion of the cerebellum is snipped off and preserved in equal parts of glycerine and distilled water, not saline solution, which would weaken the virus. This is the reserve supply of the virus, which should be sealed up in the tube and kept in ice to be used in the event of any mishap to the rabbit to be inoculated with another small piece of the fresh cerebellum emulsified in sterile distilled water. Having thus provided for continuation of the strain of fixed virus, the whole brain is then removed under strict aseptic conditions, weighed and thoroughly triturated in a mortar. A solution containing 1 per cent. of phenol in 08 per cent. salt solution is slowly mixed with it until a suspension of 1 in 50 of brain substance has been obtained. This is placed in an incubator at 370 C. for twenty-four hours, a treatment which is sufficient to kill the virus. The suspension is then diluted with an equal part of 085 per cent. salt solution and samples are taken which are tested for sterility, aerobically and anaerobically in broth and agar. The suspension of the virus is stored at 0°C. between blocks of ice in an ice-chest until the sterility tests have been completed, and subsequently until required for use. Under these conditions the carbolized vaccine retains its full potency for at least three months. It should not be used beyond three months from date of manufacture.
Before inoculation the suspensionwhich should be stored in hermeticallysealed rubber-capped bottles holding 25 c.c. -is withdrawn by means of a syringe sterilized in hot oil (140°C.) and again diluted with an equal part of 0 85 per cent. salt solution; so that the vaccine finally contains 0.5 per cent. of brain substance, 0'25 per cent. of phenol, and 0'85 per cent. of salt.
Each patient, however severely bitten, received daily doses of 5 c.c. of this suspension for a period of fourteen days: 21 c.c. are inoculated on either side of the middle line of the abdomen by inserting the point of the needle at an acute angle between the superficial and deep layers of the skin and pressing out the vaccine between the epidermis and dermis, i.e., intracutaneously rather than subcutaneously. The total amount of brain substance injected is about 025 grm. for each patient. Roux syringes holding 5 c.c. are most suitable for injecting the vaccine. The needle should be sterilized by dipping it in hot oil between inoculation of each patient. The inoculation causes no pain, no general reaction and no local reaction beyond a little redness and itching of the skin. Patients should be advised against taking alcohol or indulging in any unnecessary physical exertion during, and for ten days after completion of, treatment. At the conclusion of the course of inoculations each patient is given a stamped addressed post-card and requested to inform the Director of the Institute of the state of his health three months after treatment. Hydrophobia usually develops before the eighth week after infection in those who arrive too late for treatment. Patients reported to be alive three months after completion of treatment are recorded as having been successfully vaccinated. The work of the Bagdad Pasteur Institute has since been continued by the Civil Medical Administration, and up to within a few weeks ago only one death from hydrophobia had occurred in a patient who had undergone treatment, and that was in the case of a man who refused to allow the treatment to be completed and so received only four doses of vaccine instead of fourteen.
RESULTS
Analysis of the records shows that 16 per cent. of the patients were bitten by animals proved by the laboratory investigation (i.e., by biological test or by the finding of Negri bodies) to have been rabid at the time of biting, and 109 per cent. were bitten by dogs not examined in the laboratory, but certified by veterinary medical officers to have been rabid. In 26'9 per cent. of the cases treated there was evidence of rabies in the biting animals, though evidence on clinical grounds only cannot always be regarded as conclusive.
Of the several methods of prophylactic treatment for rabies, I believe that, under conditions of tropical climate, the carbolized vaccine of Semple is the best. The standardized glycerinated virus of Phillips [4] , as used in the United States, seems ideal for treatment in non-tropical countries; but, apart from the difficulty of obtaining sterile glycerine in the dusty atmosphere of a tropical town, we found that during the hot weather in Mesopotamia, contact with glycerine rapidly killed the virus and would, presumably, affect the potency of the vaccine.
LIMITATIONS OF ANTIRABIC TREATMENT.
The object aimed at in antirabic treatment is to confer an active immunity against rabies before the virus in the saliva of the animal which inflicted the bite reaches the nerve centres; when this has been accomplished the failures rarely exceed 0'8 per cent. On the other hand, should the virus have -already reached the nerve centres by the time the patient has arrived for treatment, there will be no symptoms to show that this has taken place, but hydrophobia will set in fourteen days or so afterwards, irrespective of whether the patient receives treatment or not. Suppose for instance the virus reaches the brain of a bitten person one day before the course of treatment is completed, the patient will develop hydrophobia fourteen days afterwards and during this interval he will not have a single symptom to show that the object of treatment was defeated one day before completion. The explanation of such a case is clear, since we know that " street " virus planted direct on the brain of a rabbit has an incubation period of at least fourteen days, and that no treatment subsequent to direct inoculation of the virus on the nerve centres will prevent the onset of rabies. Now antirabic treatment extends over a period of fourteen days, and the time occupied by the virus in growing up the nerve centres is variable and mainly dependent on the proximity of the bite to the brain. The importance of early treatment is evident, for we have to set going a race between the growth of a disease and the progress of immunity, in which immunity is handicapped by disease having a considerable start. If the disease wins and reaches the vital nerve centres before their defence is organized, the patient will be in the same hopeless condition as a rabbit would be had it been inoculated directly upon the brain with street virus.
COST OF ANTIRABIC TREATMENT. Provided that there is a well-equipped laboratory already established for general bacteriological work, the additional outlay required is trivial. The cost is roughly estimated as follows:- INITIAL The successful breeding of rabbits is an essential item in the maintenance of a Pasteur Institute. Cut grass and crushed oats or grain must be supplied daily, and it must be remembered that these animals will not breed during the hot season in Mesopotamia. The whole year's supply must, therefore, be raised in the cool months.
